INTRODUCTION
Neurosurgeons and neurologists are often confronted with neurological disorders in which brain ischemia is present. Considerable research has focused upon ways to protect the brain from ischemic insults. Several drugs and different procedures have been attempted in order to minimize the brain lesions provoked by ischemia. They include hypothermia, mannitol, free radical scavengers, opiate receptor antagonists, metabolic suppressants, etc. (1, 2, 3) . Many others are still in laboratory tests (4, 5) . Hypothermia has To demonstrate that mild hypothermia can be a protective element when an ischemic onset occurs in rabbit brains. Methods: A rabbit model of focal ischemia was used to test the protection provided by mild hypothermia regionally produced by means of the placement of ice bag on the scalp of a hemicranium which has had previously its bone removed. Twenty New Zealand White rabbits were divided into two groups as follows: (A) a control group where an ischemic lesion was produced by coagulation of the middle cerebral artery and (B) a brain protected group where mild hypothermia was provided during 80 to 100 minutes after the same ischemic lesion. The brains slices were stained with 2,3,5-Triphenyletrazolium (TTC). The sections were photographed with a digital camera and the infarct volume was measured through a computer program. Results: The average of infarct volume was 70.53 mm 3 in the control group. In the protected group, the average of infarct volume was 41,30 mm 3 only in five animals. Five animals of this group did not demonstrate macroscopically and microscopically infarct area. Conclusions: We concluded that mild hypothermia regionally produced may protect ischemic brains of rabbits. KEY WORDS -Brain hypothermia. Neuroprotection. Brain ischemia. Brain infarct.
proved to reduce the ischemic damage in affected brains both in Humans and animals. Since 1956 (6) the neuroprotective effect of hypothermia has been the subject of many reports. Some different techniques to cooling the brain have been reported (7, 8, 9) . However, the adverse side effects of deep hypothermia have reduced the enthusiasm of its use (9, 10, 11) . The objective of the present study was to determine whether mild hypothermia, regionally produced, has neuroprotective benefits, after ischemic onset, by means of a new method of cooling the brain in a limited region, permitting the body temperature to remain unchanged.
METHODS
Twenty New Zealand White rabbits weighting from 3100g to 3750g underwent surgical procedure for coagulation of the left middle cerebral artery.
The experiment was divided in two steps. The first step consisted of a group of animals that did not receive the brain protection.
In the second group the animals received neuroprotection. The ischemic area of the brain was submitted to mild hypothermia of 29 0 C to 30,5 0 C over a period of 80 to 100 minutes. The hypothermia was achieved by the placement, over one hemicranium, of a rubber bag containing ice cubes, so that the temperature inside the ice bag was kept constant, near 0 0 C (varied from 0,5 0 C to 1,5 0 C).(Digital Thermometer MET 9602 ELLAB A/S Denmark) The rectal temperature was measured and did not demonstrate any change during the experiment.
Surgery
The rabbits were anesthetized with intramuscular injection of Ketamine10mg/Kg+ Aceprazolamine1mg/ Kg which was supplemented, by intravenous injection of Ketamine 10mg/Kg+Aceprazolamine 1mg/Kg. The animals were intubated and general anesthesia with Halothane was maintained during the procedure. All the procedure was carried out under microscopic magnification. With the animal in the left lateral decubitus position, a scalp incision of approximately 2,5 cm in a C shape, between the left orbital rim and tragus was performed. The soft tissues were incised and the temporalis muscle was dissected from the cranium and retracted. The exposed skull bone was totally drilled off; the dura was exposed and incised in the region of the inferotemporal fossa. After the dural incision, the brain was gently retracted and the middle cerebral artery was followed down until its origin from the carotid artery. At this point the artery was coagulated. The scalp was closed with sutures. In some cases the coroniod process of the mandible had to be removed in order to permit to visualize the origin of the middle cerebral artery.
Brain protection
In the control group, the animals were maintained under general anesthesia for 80-100 minutes.
For the second group, ice bags were placed on the corresponding hemicranium for brain protection. The hypothermia (29º C to 30,5º C) was maintained for 80 to 100 minutes, as described before.
After recovery from anesthesia, the endotracheal tube was removed and the animals were taken to specially designed cages where they received food and water. They were observed and all neurological deficits were recorded.
Measurement of infarct volume
Forty to forty five hours after recovery from surgery, the animals were killed. The brains were removed from the cranial vault, placed in ice-cold saline and taken to a refrigerator under a temperature of -14 0 C for 10 minutes. The brains were placed in a specially designed brain cutter.
The slices measuring 2 cm were immersed in a solution of 2% 2,3,5-triphenyltetrazolium (TTC) in 0,9% saline, incubated for 30 minutes in the dark, and then they were placed in a 10% formalin solution (1, 12, 13, 14, 15) . After one week, with a digital camera, the sections were photographed. The pictures were taken to a computer program ( ADOBE PHOTOSHP EXE 5.0 and AUTO CAD R 14) where the infarct areas were measured and the infarct volume was calculated in mm 3 . In the first group, the infarcted area measured, in mm 3 In the second group, five animals demonstrated areas of infarct measuring, in The brain slices of five animals (cases 12, 14, 15, 17 and 18) did not demonstrated any change of the TTC staining, so we presumed that there was not any macroscopically visible infarcted area. These five brains were taken to the Department of Neuro-Pathology, where the brain slices were embedded in paraffin and stained with hematoxylin and eosin. All the slices were examined by the senior Neuropathologist of the University, who could not find areas of infarct in the five brains examined, confirming our previous results.
DISCUSSION
Experimentally induced cerebral ischemia in laboratory animals has provided valuable information about the mechanisms of neuronal death (1, 2) . The excessive release of endogenous excitatory amino acids, the effects on intra cellular calcium homeostasis in the cascade of neuronal death after ischemia are well established (3) . Numerous other mediators or modulators of ischemic damage were described, including nitric oxide, arachdonic acid and it's metabolites, neuropeptides and neurotransmitters (3, 12, 13, 14) . Rosomoff reported in 1956 (6) that deep hypothermia reduced ischemic damage after experimental occlusion of the middle cerebral artery in dogs. The animal's temperature was lowered to 23 0 C by means of an extracorporeal circuit. After that excellent report, the neuroprotective effect of hypothermia has been the subject of many subsequent reports.
However, deep hypothermia is not without adverse consequences: myocardial arrhythmia, hypotension, coagulopaty and other side effects were reported. Recent studies have demonstrated that cooling the brain by only a few degrees can prevent much of the neuronal damage that occurs after focal cerebral ischemia,. The adverse side effects are reduced if only the brain is cooled and only mild hypothermia is produced (1, 6, 7, 8, 9, 19, 11, 13) . In 1992 Ohta (10) et al. introduced a method of selective cerebral hypothermic perfusion with cold Ringer's lactate solution by means of a specially designed extracorporeal system . In 1996 their method was modified by combining it with an ultrafiltration and rewarming circuit between the left jugular vein and inferior vena cava (11) . After temporary occlusion of both carotid artery and left vertebral artery, the neuro protective method demonstrated to be safe. Histological examination of the brain with 2,3,5-triphenyltetrazolin chloride demonstrated no evidence of ischemic lesion.
In our experimental model, to reduce the brain temperature to 30 0 C, a rubber bag containing ice cubes was used. The temperature inside the bag varied from 0,5 0 C to 1,5 0 C. The bag was positioned on the scalp over the area of hemicranium which had most of its bone removed. The cranial bone is a very important isolating element. Once the bone is removed, the placement of a bag under low temperature (near 0 0 C) is able to provide a remarkable reduction of the brain temperature. This mild hypothermia, which is produced, if maintained during 80 to 100 minutes, demonstrated to be efficient to protect the ischemic brain. Although there is no time-limit to keep the rubber bag in position, the results of our experiments demonstrated that it was not necessary a longer period to achieve brain protection.
All the experimental animals, but one, that received the protection survived without neurological deficits. Most of the animals demonstrated a mild hemiparesis after recovery from general anesthesia that lasted for no more than 12 hours. All the animals that were not protected by hypothermia demonstrated contralateral hemiparesis, varying from mild to severe degrees, until they were sacrificed. All animals were sacrificed 45 to 50 hours after the surgical procedure. The caseN 0 19 of the group of neuroprotection, had an outcome as if he did not had received neuroprotection. We could not find any explanation for this. The exact mechanism whereby hypothermia exerts its effects is not entirely understood (1, 3, 4, 5, 12, 13) . Lowering the temperature of neuronal tissue is known to be associated with a reduction in metabolic rate. Activated polymorphonuclear leukocytes seem to be directly involved in potentiating ischemic brain injury (12) . The leukocyte adhesion process may be reduced by hypothermia. Indications of the involvement in ischemic damage of cytokines, classically associated with the immune system and inflammatory responses, have been recently demonstrated (4) Several factors related to inflammatory process, present in brain ischemia, can be mitigated by the reduction of brain temperature. Mild hypothermia, probably, does not interfere with the effect of other drugs administrated in the treatment of brain ischemia, therefore association with other new drugs can be very helpful. Although the technique requires the removal of part of the cranial vault, in most of neurosurgical procedures, the cranial bone must be removed. The removal of part of the cranial vault is a very simple procedure, its risks are very low and, in some occasions, the procedure can be done under local anesthesia. Because this technique is unique we could not match our results with other publications.
Conclusions
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